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 Conservation practice standards are reviewed periodically, and updated if needed.  To obtain
the current version of this standard, contact the Natural Resources Conservation Service.

NATURAL RESOURCES CONSERVATION SERVICE
CONSERVATION PRACTICE STANDARD

POND SEALING OR LINING, BENTONITE TREATMENT, (NO.)

CODE 521C

DEFINITION:
A liner for a pond or waste impoundment
consisting of a compacted soil-bentonite
mixture.

PURPOSE:
To reduce seepage losses from ponds or
waste impoundments for water conservation
and environmental protection.

CONDITIONS WHERE PRACTICE APPLIES:
This practice applies where:

� Soils are suitable for treatment with
bentonite.

� Ponds or waste impoundments require
treatment to reduce seepage rates and to
impede the migration of contaminants to
within acceptable limits.

CRITERIA:

General Criteria Applicable To All Purposes

Bentonite treated soil liners shall comply with
all federal, state, and local laws, rules, and
regulations.

Lined structures shall meet all applicable
NRCS standards. 

Bentonite treated soil liners shall be filter
compatible with the natural foundation
materials on which they are compacted
according to Chapter 26, Part 633 of the
National Engineering Handbook.

The minimum thickness of the finished
compacted liner shall be 6 inches.

The bentonite shall be a sodium bentonite with
a free swell of at least 22 milliliters as
measured by ASTM Standard Test Method

D5890, unless laboratory tests using other
bentonite types are used for design.

When laboratory permeability tests are
required to determine application rates, the
tests shall be performed using bentonite of the
same quality and fineness as that proposed for
use.

For protection against bentonite dust,
personnel on site during bentonite application
and mixing shall wear mask and goggles.

Criteria Applicable To Waste
Impoundments

Design.  Design of the bentonite treated soil
liners for waste impoundments shall be in
accordance with National Engineering
Handbook Series, Part 651, Agricultural Waste
Management Field Handbook, Chapter 10,
Appendix 10D and/or state regulatory
requirements.

Liner Protection.  The liner shall be protected
against desiccation cracking, the effects of
water surface fluctuations, wave action,
surface erosion, erosion from pipe inlets,
agitation equipment, animals, or items installed
through the liner.  Protective measures shall be
designed into the system to protect the liner for
these cases.  At least 12 inches of compacted
soil cover shall be placed over the soil-
bentonite liner.

Criteria Applicable To Ponds

Application Rate.  For ponds, in the absence
of laboratory tests or field performance data on
soils similar to those to be treated, the
minimum application of finely ground bentonite
per 1-inch thickness of constructed liner shall
be:
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Pervious Soil
Description

Application rate
(lb/ft2)

Silts  (ML, CL-ML) 0.375

Silty Sands
(SM, SC-SM, SP-SM) 

0.5

Clean Sands  (SP, SW) 0.625

Liner Thickness.  In the absence of more
detailed testing and analyses, the compacted
liner thickness shall be according to the
following table:

Water Depth
(feet)

Liner Thickness
(inches)

8 or less 6

8.1 – 16 12

16.1 – 24 18

24.1 - 30 24

CONSIDERATIONS:
Flattening the slopes of ponds or waste
impoundments to facilitate compactive efforts
during construction should be considered.  The
stair-step method of construction as outlined in
Appendix 10D may be considered in lieu of
slope flattening.

A protective compacted soil cover should be
considered for protecting the soil-bentonite
liner for ponds. 

Consider using a flexible membrane liner for
sites that have water depths greater than
24 feet.  

PLANS AND SPECIFICATIONS:
Plans and specifications for bentonite treated
soil liners for ponds and waste impoundments
shall be in keeping with this standard and shall
describe the requirements for applying the
practice to achieve its intended purpose.  Plans
and specifications shall include such drawings,
specifications, material requirements,
quantities, construction requirements,
equipment requirements, and other documents
as are necessary to describe the work to be
done.

OPERATION AND MAINTENANCE:
Maintenance activities required for this practice
consist of those operations necessary to
prevent damaging the treated soil liner.  This
includes, but is not limited to, excluding
animals and equipment from the treated area,
protection of the liner during initial filling,
agitation, or pumping operations, and repair of
disturbed or eroded areas.

REFERENCES:

National Engineering Handbook Series,
Part 651, Agricultural Waste Management
Field Handbook, Chapter 10, Appendix D.
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CONSTRUCTION SPECIFICATION
NATURAL RESOURCES CONSERVATION SERVICE

POND SEALING OR LINING, BENTONITE TREATMENT

1. Scope
The work shall consist of mixing bentonite with soil, and compacting the bentonite treated
soil to construct a soil liner to control seepage in a pond or waste impoundment.

2. Materials
Unless otherwise specified, the soil shall be in situ materials that contain no frozen soil,
snow, ice, sod, brush, roots, vegetation, or other perishable materials.  Rock particles of a
size that would interfere with mixing and compaction shall be removed prior to treatment
operations.

Unless otherwise specified, bentonite shall be free flowing, sodium bentonite, and have a
minimum swell index of 22 milliliters per two grams (22mL/2g) when tested according to
ASTM D 5890.  Fineness shall be as specified for this job.

3. Equipment
All equipment necessary for the proper construction of the work site shall be on the work site
prior to the start of bentonite treatment operations.  Unless otherwise approved, mixing
equipment shall consist of a high-speed rotary mixer capable of mixing uncompacted lifts of
the specified thickness.

All equipment used to store bentonite on the work-site and to convey or transport bentonite
to or on the work-site shall be covered or enclosed to protect the bentonite from moisture
and to avoid bentonite dust problems.

4. Safety
All personnel on site shall wear goggles and dust masks when exposed to bentonite dust.

5. Bentonite Proportioning
The amount of bentonite applied per unit area and per compacted layer thickness shall be as
specified for this job.

6. Site Preparation
Prior to the start of bentonite treatment, the area to be treated shall be graded to the
approximate finished planned line and grade as depicted on the drawings.  If multiple layers
are required, grading shall be to the approximate grade of the lowest layer required.
Excavation and/or earth fill may be required prior to grading.  Soil used for earth fill shall be
similar to the soil materials tested for the liner.

Where more than one lift is to be treated, the soil in the upper lift(s) shall be removed to
facilitate treatment of the lower lift(s).  Accurately control the depth of the material that is
removed so that when returned to the treatment area it is processed and compacted to the
specified lift thickness.
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Immediately prior to applying the bentonite, the moisture content of the lift shall be adjusted,
if necessary, to a content that will not cause the bentonite to clump prior to the mixing
operation.  Material that is too wet shall either be removed or be dried to the specified
moisture content prior to applying bentonite, processing, and compacting each lift.

7. Placement
Bentonite-treated earth is normally treated in place.  Where more than one lift is to be
treated, the soil for the upper lift shall not be returned until the completed lower lift is
inspected and approved.

Immediately before placement of the upper lift, the lower lift shall be lightly moistened to
allow suitable bonding of the two lifts.  Free surface water shall not be present during
placement operations.  The mixing equipment must be capable of being set to mix only the
required depth of uncompacted liner thickness to prevent the disturbance of any lower lifts.

The compacted thickness of the lift(s) normal to the surface shall be as specified.  In no case
shall the lift thickness, prior to compaction, exceed nine inches or be greater than the depth
that can be effectively mixed by the equipment.  Materials placed by dumping in piles or
windrows shall be spread uniformly to a thickness that will result in the specified compacted
thickness.

8. Bentonite Application
Bentonite shall be uniformly applied in dry form on the soil surface at a rate that will attain
the specified proportioning.  Bentonite shall not be applied during high wind conditions that
hinder effective application or cause pollution by drift off site.

Bags - Bentonite may be applied by distributing bags of material in a marked grid pattern
that will result in a uniform and properly proportioned distribution.  Bags shall be emptied and
removed from the treatment area; bentonite shall be uniformly spread over the surface prior
to processing.

Drop Type Agricultural Seed/Fertilizer/Lime Spreader or Other Equipment - A drop type
agricultural seed/fertilizer/lime spreader or other equipment that is capable of uniformly
distributing the bentonite to the specified proportions may also be used to apply bentonite.  

Unless otherwise approved broadcast spreaders shall not be used.  Where drop type
agricultural seed/fertilizer/lime spreader or other equipment is used to apply the bentonite,
one-half of the bentonite shall be applied in one direction and the other half shall be applied
in the direction perpendicular to the first direction of application.

Pre-measured tarpaulin, or drop clothes, may be spread in various locations and weighed
after spreading bentonite over them to determine the application rate.  Adjustments to the
rate of travel and/or material off-loading shall be made so that the rate of application is
consistent with the specified proportioning.

9. Mixing
The soil and bentonite shall be mixed with a high-speed rotary mixer until a uniform mixture
is obtained.  Care shall be taken to control the depth of the mixing to within � ½ in. of the
depth required to attain the specified lift thickness.  If the mixture is too dry, no more than
0.25 in. of water shall be uniformly applied followed by mixing with a high-speed rotary mixer.
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The cycle of watering and mixing shall continue until the soil, bentonite, and water mixture
has been thoroughly processed to a uniform mixture without lumps of soil and/or bentonite.
This mixing process shall continue until the water content of the mix is as specified for
compaction.

10. Compaction
The finished surface of each compacted lift shall be uniformly dense and relatively free of
small depressions or dimples.  Where a sheep-foot roller or other type of penetrating
compaction equipment is used, finishing the compaction with a less penetrating type of
compaction equipment such as a smooth wheel roller or a smooth drum roller may be
required.

The degree of compaction and the moisture content of the mixture at the time of compaction
shall not be less than specified below for the selected method.

Method 1 - Each layer of bentonite treated earth liner shall be compacted to the minimum
density and moisture content specified for this job.

Method 2 - Each layer of bentonite treated earth liner shall be compacted by the specified
number of passes of the type and weight of roller or other equipment specified for this job, or
by an approved equivalent method.  Each pass shall consist of at least one passage of the
roller wheel or drum over the entire surface of the layer.

The moisture content at the time of compaction shall be such that the material, when
kneaded by hand, will form a ball that does not readily separate when struck sharply with a
pencil and will not extrude from the hand when squeezed tightly.

11. Protective Cover
A protective cover of soil, if required, shall be applied to the surface of the bentonite treated
earth liner as soon as practical after the uppermost lift has been compacted.  The protective
layer shall be installed in one or more layers and have a compacted thickness as specified
for this job.  Compaction and moisture content of the protective layer shall be as specified for
this job.  Immediately after compaction of the bentonite treated earth liner is completed, the
surface shall be kept moist until the protective cover is in place.  The application of water
required to keep the surface moist shall be accomplished in a manner that does not cause
erosion to the liner surface or ponding of water on the liner.
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